To determine the pathological significance of the coccoid form of Helicobacter pylori, its adhesion to and induction of secretion of interleukin-8 (IL-8) by gastric epithelial (MKN45) cells were studied. By flow cytometry, the adhesion of the coccoid form to MKN45 cells was significantly lower than that of the helical form. The monoclonal antibody A20 recognising lipopolysaccharide of H. pylori inhibited the adhesion of the coccoid form to MKN45 cells as much as that of the helical form. There was significantly lower induction of IL-8 secretion by MKN45 cells exposed to the coccoid form (two of four strains) as compared with the helical form.
Introduction
Helicobacter pylori changes its morphology in vitro from a helical form to a coccoid form under various conditions such as extended cultivation [1, 2] , aerobic culture [3] , alkaline pH [3] and antibiotic treatment [4, 5] . In the human stomach, the ability of the helical form of the micro-organism to colonise gastric mucosa and to attach to mucosal epithelial cells has been well documented. The coccoid form of the micro-organism has also been observed in human stomach by immunohistochemistry method [6] and by electron microscopy [7] . It has been reported that the coccoid form of H. pylori is non-culturable but viable and metabolically active [2, 5, 8] . The role of the coccoid form in the transmission and pathogenesis of H. pylori infection is still unclear. Therefore, this study compared these two forms with respect to their ability to adhere to MKN45 cells.
Furthermore, since the helical form of H. pylori adheres to gastric epithelial cells and induces interleukin-8 (IL-8) secretion [9] , the induction of IL-8 secretion from MKN45 cells by both forms of H. pylori was also studied.
Materials and methods

Bacterial strains and culture conditions
H. pylori strains, TK1029, TK1045, TK1401 and TK1407 isolated from gastric biopsies were used to measure adhesion to epithelial cells. These strains were cultured on Brain Heart Infusion (BHI) Agar (Difco Laboratories, Detroit, MI, USA) supplemented with horse blood 7% in an atmosphere consisting of O 2 5%, CO 2 10%, N 2 85% for 2 days at 378C. To prepare the coccoid form, H. pylori was incubated micro-aerobically on BHI blood agar at 378C for 3 days and subsequently incubated in an anaerobic atmosphere consisting of H 2 5%, CO 2 10%, N 2 85% in an anaerobic box (Hirasawa, Tokyo, Japan) at 308C for 7-10 days.
Cell line
Human gastric carcinoma cells, MKN45, were obtained from the Japanese Cancer Research Resources Bank. For the adhesion assay, MKN45 cells were grown in air with CO 2 5% at 378C in RPMI-1640 (Gibco BRL, Gaithersburg, MD, USA) containing fetal calf serum (FCS) 10% and harvested from a flask by scraping with a sterile cell scraper.
Adhesion assay
The adhesion of H. pylori was assessed by flow cytometry [10] . H. pylori (5 3 10 8 cells) were labelled at room temperature for 15 min with 4 ìM lipophilic dye, PKH-2 (Zynaxis Cell Sciences, Phoenixville, PA, USA), and washed twice with Hanks's Balanced Salts Solution containing gelatin 0.1% (HGS). MKN45 cells (c. 1 3 10 6 cells) were washed once with HGS and resuspended in 500 ìl of HGS. H. pylori were also resuspended in 500 ìl of HGS and co-incubated with the cells for 1 h at room temperature. After incubation, the cells were washed once with PBS containing sucrose 15% and subsequently washed twice with HGS. The fluorescence intensity of the cells was analysed with a flow cytometer (FACS Vantage, Beckton Dickinson, San Jose, CA, USA). Mean fluorescence intensity (MFI) was calculated by Cell Quest (Beckton Dickinson). The adhesion index was calculated from the MFI as follows: adhesion index ¼ (MFI of MKN45 cell with adherent H. pylori À MFI of MKN45 cells)=(MFI of PKH-2 labelled H. pylori À MFI of non-labelled H. pylori). The inhibition of adhesion of H. pylori to epithelial cells by monoclonal antibody (MAb) A20 was tested as described previously [11] .
The adhesion of H. pylori was examined by electron microscopy. MKN45 cells (1 3 10 5 ) were seeded on to poly-L-lysine-coated cover glasses (Iwaki, Tokyo, Japan) in a 24-well culture plate (Iwaki). Cells were centrifuged at 1000 g and washed with HGS. Then 100 ìl of suspension of H. pylori (10 8 cells=ml) in RPMI-1640 were placed on each cover glass and incubated for 30 min at room temperature. The cover glasses were removed and washed twice with HGS. The cells were fixed first with glutaraldehyde 2.5% solution and then with osmic acid 2% solution. Adhesion of H. pylori was observed with a JSM-5600LV scanning electron microscope (Jeol, Tokyo, Japan). The number of adherent bacteria on 25 gastric cells was counted. Welch's t test was used for statistical comparisons.
IL-8 induction assay
For IL-8 induction, MKN45 cells were seeded at 5 3 10 5 cells=well in six-well culture plates just before infection. H. pylori were added to the cell culture at 5 3 10 7 cells=well. The supernates were collected 24 and 48 h after the infection, and IL-8 concentrations were determined by enzyme-linked immunosorbent assay (Quantikine; R&D Systems, Minneapolis, MN, USA).
ELISA
Cultures of H. pylori were harvested and then washed with phosphate-buffered saline (PBS). Cells were resuspended in PBS and treated with a Sonifer 250 (Branson Ultrasonic, Danbury, USA) for 1 min at 20 kHz twice. Microtitration plates (Greiner Labortechnik Japan, Tokyo, Japan) were coated with the sonicated antigen (2000 pg=ml) of H. pylori. After treatment with MAb A20 1 ìg=ml -which recognises lipopolysaccharide (LPS) of H. pylori [10] -for 1 h at room temperature, the bound MAb was detected with an affinity-purified goat anti-mouse IgG and IgM horseradish peroxide conjugate (Biosource International, Camarillo, CA, USA) diluted 1 in 5000 with PBS containing skimmed milk 1%. Then, the plates were developed with OPD buffer (0.1 M citric acid, 0.07 M sodium phosphate dibasic, and H 2 O 2 0.015%) containing o-phenylenediamine 0.1%.
Results
Preparation of the coccoid form of H. pylori
By microscopic analysis, .99% of H. pylori strain TK1029 were of the helical form after micro-aerobic cultures for 2 days. However, after subsequent culture under anaerobic condition for 7 days, .95% of the bacteria had changed to the coccoid form. Similarly, another three strains of H. pylori were changed to the coccoid form after anaerobic culture for 7-10-days. These coccoid bacteria could not grow on BHI agar containing blood 7% under micro-aerobic conditions.
Adhesion assay to MKN45 cells
Adhesion to MKN45 cells was examined by flow cytometry for both the coccoid and helical forms ( Table 1 ). The adhesion of the coccoid form was significantly lower than that of the helical form for two H. pylori strains (TK1029 and TK1045, p ,0.05) Scanning electron microscopy was used to illustrate the adhesion of the helical form of H. pylori strain TK1029 to MKN45 cells (Fig. 1a) . Similarly, it was shown that the coccoid form of the same strain adhered to MKN45 cells (Fig. 1b) . The mean numbers of coccoid and helical forms adhering to MKN45 cells were 11.4 SD 10.3 and 40.0 SD 17.8, respectively. The number of coccoid forms adhering to cells was significantly lower than that of the helical form (p ,0.01).
Adhesion inhibition by MAb A20
The reactivity of MAb A20 with the helical and coccoid forms of 12 strains of H. pylori was tested by ELISA. The mean of ELISA values of the coccoid and helical forms were 0.319 SD 0.224 and 0.417 SD 0.318, respectively (data not shown). MAb A20 reacted with the coccoid form as well as with the helical form, although the MFI of MKN45 cells with the helical form (24.6 SD 13.9) was significantly higher than that of MKN45 cells with the coccoid form (6.9 SD 2.3, p , 0:05).
With MAb A20, adhesion of helical and coccoid forms of H. pylori strain TK1029 to MKN45 cells was compared (Table 2) . MAb A20 markedly inhibited adhesion of both the helical and coccoid forms, and there was no significant difference in the inhibition rate between the helical and coccoid forms.
Induction of IL-8 secretion
IL-8 secretion by MKN45 cells following interaction with the helical and coccoid forms of four H. pylori strains was tested. It was shown (Fig. 2 ) that significantly greater IL-8 secretion was observed in MKN45 cells interacting with the helical form of two strains (TK1401 and TK1029) compared with the corresponding coccoid forms. On the other hand, when the other two strains (TK1045 and TK1407) were tested, there was no significant difference in the induction of IL-8 secretion in MKN45 cells.
Discussion
It has been reported that H. pylori changes its morphology from helical to coccoid form under various conditions such as long-term incubation, antibiotic treatment, acidic conditions, etc. [1, 2] . This study showed that the helical form of the bacteria changed to the coccoid form within 7-10 days when cultured under anaerobic conditions. This study has shown that the adhesion of the coccoid form to MKN45 cells was lower than that of the helical form as assessed by flow cytometry. Furthermore, adhesion of helical and coccoid forms of H. pylori strain TK1029 was significantly inhibited by MAb 20 that recognised its LPS, although there was no difference in the reactivity with MAb A20 in an ELISA between the helical and coccoid forms. This result suggests that LPS containing the epitope reacting with MAb A20 in the ELISA may have been conformationally changed during its binding to the surface of the coccoid form, resulting in less adhesion to gastric epithelial cells.
Cole et al. [12] reported that the coccoid form of H. pylori which was obtained by liquid culture under micro-aerobic conditions for .10 days, in contrast to the helical form, binds poorly to gastric epithelial cells, AGS and KATO III cells. Less than two coccoid cells were shown to adhere to these gastric epithelial cells by microscopical observation even when .1 3 10 7 coccoid cells were added to the gastric cells [12] . However, in the present study, there was no significant difference in the adhesion index between the coccoid and helical forms of two strains (TK1401 and TK1407). Moreover, our electron microscopy study indicated that the coccoid form of H. pylori adhered to MKN45 cells in spite of lower efficacy compared with that of the helical form. Many more of the coccoids form (11.4 SD 10.3 coccoids/MKN45 cell) adhered to MKN45 cells when inoculated with 1 3 10 7 coccoid cells than the results described by Cole et al. [12] .
Vijayakumari et al. [13] reported that specialised attachment sites were seen in the interaction between the coccoid form and gastric epithelial KATO III cells, and that the adhesion patterns of the coccoid form were similar to those observed with helical forms in gastric biopsy specimens. Khin et al. [14] reported that the extracellular matrix and plasma proteins have the ability to bind to both helical and coccoid forms of H. pylori to a similar extent in an 125 I-labelled protein assay. Furthermore, it was shown that the binding of these proteins to both forms was inibited in the presence of non-labelled protein. In addition to these reports, the results of the present study indicate that the coccoid form can adhere to gastric epithelial cells despite having a lower adhesion index than the helical form.
Morphological conversion from the helical to the coccoid form not only decreases the expression of adhesive substances on the surface but also affects other properties such as motility. As regards the colonisation of the gastric mucosa by H. pylori, the helical shape of H. pylori and its motility may have some advantages. Eaton et al. [15] reported that a motile flagellate clinical isolate colonised gnotobiotic piglets, whereas a non-motile flagellate variant was able to colonise less effectively. In a preliminary study, microscopic examination showed that the helical form of H. pylori moved through liquid media, but the coccoid form did not (data not shown).
Rieder et al. [9] showed that direct contact of bacterial cells with epithelial cells was necessary for optimal IL-8 production. The mechanism by which H. pylori induces IL-8 secretion from epithelial cells is unclear. It has been reported that several gene products of the cag pathogenicity island [16] , porin [17] and heatshock protein [18] were associated with the induction. Huang et al. [19] reported an IL-8-inducing activity in supernates from overnight culture of H. pylori, suggesting that the coccoid form produces less of this kind of activity. Furthermore, the induction of IL-8 secretion was different depending on both the H. pylori strains used and the epithelial cells used [20] . In this study, strain diversity in terms of the stimulating activity of IL-8 secretion was demonstrated. The IL-8 induction activity of the coccoid form of strain TK1045 was stronger than that of its helical form. Similarly, the coccoid form of strain TK1047 induced IL-8 secretion from MKN45 cells as well as its helical form, although the level (,1000 pg=ml) of IL-8 induction was not as high as with other strains (TK1029 and TK1401). Strain-dependent IL-8 induction by the coccoid forms was also reported by Cole et al. [12] , although the amount of IL-8 induced by the coccoid forms was significantly lower than that induced by the helical forms.
In the present study, there was no correlation between adhesion index and induction of IL-8 secretion from MKN45 cells. This result raises a possibility that factors other than surface adhesin(s) of not only helical but also coccoid forms might be responsible for induction of IL-8. The surface structures of H. pylori involved in IL-8 secretion remain to be determined. There have been controversies over the biological significance of the coccoid forms of H. pylori. Eaton et al. [20] reported that gnotobiotic piglets could not be infected with coccoidal H. pylori. On the other hand, Cellini et al. [21] showed that colonisation of mouse gastric mucosa by the helical form of H. pylori was induced by inoculation of the coccoid form. Wang et al. [22] reported that both spiral and coccoid forms of H. pylori can cause acute gastritis and produce an antibody response in BALB/cA mice. The data obtained in the present study suggest that the coccoid form of H. pylori may also play some role in colonisation and induction of mucosal inflammation. The mechanisms by which coccoid forms colonise stomach and induce IL-8 secretion remain to be clarified.
